Abstract
Introduction
Since 2001 several papers have been published that investigate the potential use of ionic liquids (ILs) for lubrication. Most of this work has been focused on using ILs as base stock or as a pure lubricant [1] .
Ionic liquids have some high performance properties for lubrication such as non-flammability, nonvolatility, high ionic conductivity, high thermo-oxidative stability and miscibility with organic compounds [2] [3] [4] . Due to the high temperature properties of the ionic liquids, they can be used as a pure lubricant under severe tribological conditions for which conventional lubricants do not perform well [5] [6] [7] .
In addition, the advantages of using ILs as additives and their interaction with the wear surfaces have been studied by numerous authors [2, 8, 9] . Most of the early researches in the use of IL as lubricants has been focused on the use of PF 6 and BF 4 imidazolium salts [10, 11] . However, the presence of these anions can produce unfavorable chemical reactions of the IL with water and lead to the formation of hydrogen fluoride, which can damage tribology systems [12] . For these reasons, several authors are focused on the research with hydrophobic ILs. Among the hydrophobic ILs can be found those based on the anions bis(trifluoromethylsulfonyl)imide [NTf 2 ] and tris(pentafluoroethyl)trifluorophosphate [FAP] . These ILs combine their higher hydrophobicity with their excellent hydrolytic stability [13] . Taking into account that fact, Gonzalez et [15, 16] The tribological behaviour of ionic liquids as neat lubricants or as additives has been evaluated for different types of contact, with steel-steel being the most studied case [17] [18] [19] [20] [21] . Now, this paper studies the use of three ionic liquids based on the [FAP] and [NTf 2 ] anions as neat lubricant applied to steelsteel contacts.
Experimental details
The properties of the ionic liquids used as lubricants in this study are listed in Table 1 conditions. Both the disc and the ball are driven independently providing slide-roll ratios (SRR) from 0%
(pure rolling) to 200% (pure sliding). Such tests were performed at room temperatures using 0.25 ml of ionic liquid in the contact between the ball (AISI 52100, 18 mm. diameter, R a < 0.01 µm) and the disc (AISI 52100, 46 mm. diameter, R a < 0.01 µm), at normal load of 50 N (corresponding to a maximum contact pressure of 1.13 GPa), at sliding-rolling ratio of 50%, and rolling speed from 3 to 200 mm/s.
Results and discussion
The results obtained from the experiments conducted using the MTM at room temperature, Fig X-Ray photoelectron analysis was performed using a Phoibos hemispherical detector MDA5 from SPECS, using Mg x-ray radiation (1253.6 eV) at 13 kV and 200 W. High resolution measurements were recorded at constant pass energy 30 eV with an energy step 0.1 eV. Spatial resolution was achieved using a 2.5 mm iris between the sample and the detector. Pressure in the analysis chamber was kept below 5·10 -9 mbar during the measurements. Analysis of the spectra was recorded using CasaXPS software as well as fitting software developed by the authors. Calibration of spectra was performed using the peak of adventitious C1s at 284.6 eV.
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